Silver nanoparticles of diameters 3.4 to 13.2 nm grown at the interfaces between silicate glass and some oxide crystallites exhibited about six orders of magnitude reduction in resistivity for a relative humidity change from 25% to 80%. Sn-SnO 2 nano core-shell structure prepared within a gel-derived silica glass film by electrodeposition technique followed by heat treatment showed large change in resistivity as a function of humidity. The resistivity also changed due to gas flow of CO 2 , C 2 H 5 OH and NO 2 , respectively. The latter arose because of reduction/oxidation of Sn 4+ /Sn 2+ species present at the shell layer of the nanostructures. Nickel nanosheets of thickness ~0.6 nm grown within the interlayer spaces of Na-4 mica crystallites showed a change of dielectric permittivity (5%) for an applied magnetic field of 1.2
Introduction
Sensing of humidity, gasses of different kinds, magnetic fields etc. have assumed significance in recent time because of the need to control these in the operation of various devices [1] [2] [3] [4] . For humidity and gas sensing the surface area of the device becomes important because this controls the reaction with atomic/molecular species thereby changing some of its physical properties. Nanoparticles are characterized by a large surface area per unit volume. We have therefore exploited this strategy to synthesize suitable glass-ceramic-metal nanocomposites for the purpose of humidity and gas sensing. Similarly metal-metal oxide nano core-shell structure was grown within a suitable glass film for sensing humidity as well as some gasses.
Multiferroic systems are ideal for sensing magnetic fields because these exhibit magnetoelectric coupling behavior [5, 6] . However, such materials are rare in nature and even those reported in the literature posse rather low value of magnetoelectric coupling coefficient [7] . Multiferroic behavior was induced in mesoporous BaTiO 3 and LiNbO 3 respectively in which presence of oxygen vacancies introduced uncompensated spins inducing ferromagnetic coupling. On the other hand, heterogeneous nanophase structures exhibit magnetodielectric effent because of Maxwell-Wagner type polarization at the interfaces combined with Hall effect [8] . By a suitable choice of the two phases having different electrical conductivities, a large magnetodielectric effect could be induced. In this paper, we give a brief description of the work; we have carried out along the lines discussed above. The Sensing Behaviour of Some Nanocomposite Systems 13 highlights of the results are also given.
Glass-Ceramic-Metal Nanocomposite
The interfaces between the glass and crystalline phases were used as heterogeneous nucleation sites to grow silver nanoparticles having diameters in the range 3.4 to 13.2 nm. Silicate glasses of suitable compositions and having alkali ion concentrations above 10 mole% were prepared by a melt-quench method. The crystalline phases grown were Zn 2 SiO 4 , BaTiO 3 and LiNbO 3 respectively. Powdered glass ceramic samples were subjected to an alkali ↔ silver ion exchange reaction by using a molten bath of silver nitrate. These were then reduced in hydrogen at a suitable temperature. Pellet samples were made by cold pressing of these powders. Electrical measurements were carried out on samples with silver paint electrodes at different humidity levels. A resistivity reduction of four to six orders of magnitude (depending on the nanocomposite system) was observed for a relative humidity change from 25% to 90%. The absorbed water molecules on the silver nanoparticles gave rise to the localized states and the resistivity was found to arise due to a variable range hopping mechanism. The details have been discussed in reference [9] .
Sn-SnO 2 Nano Core-Shell Structure in Silica Glass
SnO 2 -SiO 2 glass film of suitable composition and a thickness ~5 μm was synthesized by sol-gel method on a microscope glass slide. Using two metallic tin electrodes at a separation of 3 mm and applying a voltage of 30 volts between them metallic channels of tin were generated. The channels were shown to consist of tin nanoparticles with a median diameter 31 nm. By subjecting these films to varying oxidation treatments tin oxide shells of thicknesses ranging from 1.5 to 4.0 nm were produced. Electrical conduction was shown to be caused by electron hopping between Sn 2+ and Sn 4+ ions at the core-shell interface. DC resistivity of the films decreased by three orders of magnitude for a relative humidity change from 35% to 95%. The adsorption of water molecules and the presence of hydroxyl groups and electrons from them formed localized states which lowered the resistivity of the system. The films showed considerable change in resistivity when subjected to different gasses e.g., CO and C 2 H 5 OH pulses over the samples resulted in an increase in electrical conductivity whereas NO 2 pulse gave rise to a decrease in the same. In the former case, the gaseous species reduced some of the Sn 4+ ions to Sn 2+ which increased the number of polarons thus increasing the conductivity. In the latter case, an oxidation reaction increases the number of Sn 4+ ions thereby reducing the number of polarons. The details are given in reference [10] . 2 O commonly referred to as Na-4 mica has an interlayer channel with a thickness of 0.6 nm. Nickel sheets were grown within this space. For this the mica powder was soaked in nickel nitrate solution so that a nickel-enriched layer was formed. The powder was then reduced in H 2 at around 1273 K. Nickel nanosheets were produced in the process. Dielectric and magnetodielectric measurements were carried out on silver-coated pellets made by cold pressing of the nanocomposite powder. The dielectric data indicated a dispersion characteristic of a laminar inhomogeneous structure with the layers having different values of electrical conductivity. The dielectric permittivity showed a decrease as a function of the intensity of the applied magnetic field. This could be explained on the basis of space charge polarization at the interface of the two laminae and the Hall effect which deflected some of the charges thereby lowering the value of dielectric permittivity. A 5% decrease of the latter was observed at a magnetic field of 1.2 T. The details can be found in reference [11] .
Ni-Na-4 Mica Nanocomposite

Mesoporous BaTiO 3 and LiNbO 3
To prepare mesoporous BaTiO 3 and LiNbO 3 a soft template viz., Pluronic P-123 was used. The latter is a copolymer based on poly (ethylene glycol)-poly (propylene glycol)-poly (ethylene glycol). The method consisted of making solutions of this polymer and precursor chemicals for barium and titanium (in case of BaTiO 3 ) and lithium and niobium (for LiNbO 3 ) separately in suitable solvents. On drying, a gel was produced which after necessary heat treatments resulted in the formation of porous BaTiO 3 and LiNbO 3 nanoparticles with pore diameters 10 nm and 4.1 nm, respectively. The surface areas measured were 107 m 2 /g and 185 m 2 /g for BaTiO 3 and LiNbO 3 , respectively. The large surface areas gave rise to large number of oxygen vacancies in these nanoparticles which imparted ferromagnetic behaviour to them bestowing a multiferroic characteristic.
Magnetodielectric parameters M.D. = [{ε(H) − ε(0)}/ε(0)]×100 (where ε(H), ε(0)
refer to dielectric constants at magnetic fields H and zero) of 11% and 4.5% were measured in BaTiO 3 and LiNbO 3 at a magnetic field of 1 T. This was explained as caused by the magnetostriction effect of the ferromagnetic component which distorted the crystal lattice giving rise to an increase in the dielectric constant of the material. The details are given in reference [12, 13] .
CuO-Mesoporous Silica Nanocomposite
An inhomogeneous structure was created by growing Open Access SNL
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CuO within the two-dimensional hexagonal pores of silica (SBA-15) with a diameter of 5 nm. The latter was prepared by using the copolymer P123 as the template. Tetraethylorthosilicate (TEOS) was used as the precursor chemical and the solid product was obtained after subjecting the solution to a hydrothermal reaction. CuO was introduced by adding copper nitrate salt solution to the P123 solution containing TEOS. With an increase in the weight percentage of CuO above about 20% the mesostructure was found to be destroyed. The composites showed magnetodielectric effect with the M.D. parameter values of 4.4% and 3% at magnetic field 1.8 T recorded for CuO contents 20 and 35 weight percentages respectively. Parish and Littlewood model was used to explain satisfactorily the variation of the change of the dielectric constant as a function of applied magnetic field. The details of this investigation can be found in reference [14] .
Nickel Zinc Ferrite Mesoporous Silica Nanocomposite
Silica template KIT-6 with a pore size of about 5 nm was prepared using a technique reported in the literature [15] . The KIT-6 powder was immersed into a solution of ethanol containing the nitrate salt of nickel, zinc and iron respectively in the proportion needed for producing Ni 0.5 Zn 0.5 Fe 2 O 4 . The porous silica powder was dried at room temperature and then subjected to a heat treatment at 873 K for 4 hours. Pellet specimens obtained by cold pressing of the powders were coated with silver paint for the purpose of magnetodielectric measurements. The variation of the real and imaginary parts of dielectric permittivity as a function of frequency at different temperatures indicated a dispersion of the type expected in a system having space charge polarization. This was a direct result of the microstructure which consisted of twodimensional phases Ni 0.5 Zn 0.5 Fe 2 O 4 and silica glass having different electrical conductivities. This also resulted in a large magnetodielectric effect with an M.D. parameter of 44% at room temperature for an applied magnetic field of 1.5 T. These results were explained by Catalan model [16] which describes such a system as a series combination of two capacitors having different dielectric loss factors. By assuming a lowering of electrical resistance of the nanodimensional Ni 0.5 Zn 0.5 Fe 2 O 4 phase as a function of applied magnetic field the experimental data could be fitted satisfactorily with the theoretical expression for dielectric permittivity. A negative magnetoresistance of the order of 58% was extracted from this analysis. The details of the study have been given in reference [17] .
Composites of Nanodimensional Silica Glass with Iron Ions and Mesoporous Silica
These nanocomposites were synthesized by soaking KIT-6 mesoporous silica pellet in a sol with composition 10Fe 2 O 3 ·90SiO 2 for 9 hours. The specimen was then subjected to heat treatment at 473 K for 2 hours. The mesoporous silica had a pore diameter of 5 nm which was also the thickness of the silica glass synthesized. Chemical analysis showed that there were Fe 2+ ions present in the glass the fraction being ~0.01. This imparted semiconducting characteristics to the nanoglass phase. The nanocomposite exhibited ferromagnetic behaviour though the magnetization was rather small. This was explained as arising due to an antiferromagnetic super exchange interaction between Fe 2+ and Fe 3+ ions through the intervening oxygen ion. The uncompensated spins gave rise to remanent magnetization. A large magnetodielectric effect was exhibited by these nanocomposites with an M.D. parameter of 51% for an applied magnetic field of 1.7 tesla. Catalan's model [16] was used to explain this result. For the latter a value of magnetoresistance of the nanoglass phase was extracted as 58%. The details have been described in reference [18] .
Conclusion
Silver particles of diameters in the range of 3.4 nm to 13.2 nm grown at the interfaces between silicate glass and Zn 2 SiO 4 , BaTiO 3 and LiNbO 3 respectively exhibited about four to six orders of magnitude reduction in resistivity for a relative humidity change from 25% to 90%. Sn-SnO 2 nano core-shell structure prepared within a silica glass film showed three orders of magnitude resistivity decrease for a relative humidity change from 35% to 95%. The sample also showed resistivity changes due to gas flow of CO, C 2 H 5 OH and NO 2 respectively. This arose because of reduction/oxidation of Sn 4+ /Sn 2+ species present. Nanocomposites of nickel nanosheets and Na-4 mica showed a change of dielectric constant of 5% for a magnetic field of 1.2 T. Two dimensional CuO phase grown within mesoporous SiO 2 of pore diameter 5 nm gave a M.D. parameter of 4.4%. An inhomogeneous conductor model was used to explain these results. Mesoporous BaTiO 3 and LiNbO 3 nanoparticles showed multiferroic behaviour because of large oxygen vacancies present. These showed magnetodielectric effect with M.D. parameters 11% and 4.5% respectively. Giant magnetocapacitance effect was shown by nickel zinc ferrite impregnated mesoporous silica with an M.D. parameter of 44%. Similar effect with an M.D. parameter of 51% was observed in the case of nanocomposites comprising of iron ion containing silica based on nanoglass and mesoporous silica. The effect in the last two systems was explained on the basis of Catalan model.
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